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Abstract
[bookmark: _GoBack]This paper analyses four types of NoSQL databases and compares the features of NoSQL databases with traditional relational databases. For the business scenario of AE Entertainment, it is designed to complete the modelling of relational database using SQL and to store AE Entertainment's data using JSON documents.
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NoSQL investigation
Graph databases

Graph databases are based on graph theory and use the concept of graphs to store, join and query data. In a graph database, nodes are the equivalent of rows or records in a relational database and represent entities such as accounts, people, projects, etc. Nodes are connected together by edges. Edges connect nodes and are similar to relationships between tables. Both nodes and edges can have attributes associated with them.

A well-known example of a graph database is neo4j.

[image: Introduction to Graph Database - Neo4j Part I – AC's Notes]
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Key-Value Stores
The key-value store is the most flexible NoSQL database and the least structured, using a simple key-value structure to organise the data. There is no schema and data values can be of any data type. Similar to a dictionary structure, a key should be a unique identifier that allows the retrieval of associated values. The key can theoretically be anything, but the DBMS can impose certain restrictions, such as key size and
key type for better performance. However, the value can be any value, such as an image, long text, video, binary data, list, JSON data, number, etc. Examples of key-value stores include Berkeley DB, Aerospike and Redis. key-value stores are highly flexible and support large scale scalability features.
[image: NoSQL Database Types: Understanding the Differences]


Columnar Storage
A column family store, also known as a wide column store or scalable record store, is a key-value database. Column family databases, like relational databases, use tables, rows and columns, but for each record, the column names, their format and record keys can vary considerably, thus leading to a schema-free structure. This allows organizations to store and query semi-structured data. Columns are created for each row, rather than being predefined for tables. Cassandra and Hbase are two important NoSQL wide column databases that Facebook has used in the past to handle messages and inbox searches. 
Other companies using wide column storage include Netflix, Twitter and Reddit.[image: What is a Wide-Column Database? Definition & FAQs | ScyllaDB] 

 Document stores
Document stores typically store data in JSON, XML or BSON documents (with JSON being the more popular document storage format today). In a document store, documents are independent components that can be distributed easliy. In addition, the store does not need to adhere to a predetermined set of schemas. Instead, each document can have its own structure and schema, providing greater agility and flexibility as the business, website or application evolves. Even if there is no fixed schema, it is still possible to create indexes within documents. If the indexing capabilities associated with a document database are fully utilized, they can provide fast and efficient data queries.

[image: ]
Relational database VS NoSQL
Relational databases or relational database management systems (RDMS) store information in tables. Usually, these tables share information with each other, resulting in relationships between the tables.
Tables use columns to define the information stored and rows to define the actual data. Each table has a column that must have a unique value - called a primary key. This column can be used in other tables if a relationship is to be defined between them. When the primary key of one table is used in another table, this column in the second table is called a foreign key.
Relational databases have the following characteristics.
Atomicity, consistency, isolation and persistence (ACID) are the criteria that guarantee the reliability of database transactions. The general principle is that if one change fails, the entire transaction will fail and the database will remain in the state it was in before the transaction was attempted.
The use of primary and foreign keys ensures that there is no duplicate information. This helps to enhance data accuracy as there will never be duplicate information
Data normalization stores, the normalization process reduces or eliminates data anomalies in the way data is organized.

Relational databases are difficult to scale and new hardware has to be considered if a huge amount of data is required because of business needs or if the database is accessed very frequently.
Lack of flexibility, in a relational database, the schema is strict. The column definitions and column types of database tables need to be defined at the design stage, and once the schema needs to be changed due to changes in business requirements, the scope of impact is greater.
Performance bottlenecks: Database performance is closely related to the complexity of the tables - the number of tables and the amount of data in each table. As time increases, so does the amount of time spent executing queries.

NoSQL databases, on the other hand, have the following characteristics.
Highly flexible and scalable: Because there are no pre-defined schema constraints, database storage is more flexible and is particularly suitable for data types that change very quickly over time, such as social network data.
NoSQL databases are often implemented to scale horizontally, also known as scaling outwards. Scaling outwards involves adding more hardware to the system, usually in the form of a new commodity server. Horizontal partitioning is often used in NoSQL systems, using slices to break up large databases into smaller parts spread across multiple servers. It is therefore easy to improve access performance.
Implementation
Table structure
create table register_users(
userId varchar(10) not null,
userName varchar(30) not null,
address varchar(150),
telephoneNum varchar(15),
dateJoined date
);

create table assets_genres(
genre varchar(35) not null
);

create table assets_publisher(
publisher varchar(50) not null,
address varchar(150)
);

create table assets_author(
authorId integer not null,
authorName varchar(30) not null
);

create table assets(
assetId integer not null,
title varchar(45) not null,
genre varchar(35),
author integer,
publisher varchar(50),
releaseDate date,
price decimal(5,2),
stock int default 200,
blobWhere text
);

create table users_purchase(
userId varchar(10) not null,
assetId integer not null,
ownDate date,
discount decimal(2,1)   );
Relationship
alter table register_users add constraint pk_reguser primary key(userId);
alter table assets_genres add constraint pk_gen primary key(genre);

alter table assets_publisher add constraint pk_pub primary key(publisher);
alter table assets_author add constraint pk_author primary key (authorId);
alter table assets add constraint pk_assetid primary key (assetId);
alter table assets add constraint fk_gen foreign key (genre) references assets_genres(genre);
alter table assets add constraint fk_auth foreign key (author) references assets_author(authorId);

alter table assets add constraint fk_pub foreign key (publisher) references assets_publisher(publisher);

alter table users_purchase add constraint pk_users_pur primary key (userId,assetId);
alter table users_purchase add constraint fk_users_pur_user foreign key(userId) references register_users(userId);
alter table users_purchase add constraint fk_users_pur_asset foreign key(assetId) references assets(assetId);

alter table register_users add constraint ck_tele check (telephoneNum ~'^(\d*)$');
alter table users_purchase add constraint ck_dis check (discount between 0.5 and 1.0);



















Data
INSERT INTO register_users VALUES ('ssn001', 'Ross Geller', 'New York', '80081234', '1900-01-20');
INSERT INTO register_users VALUES ('ssn002', 'Monica Geller', 'London', '5656202345', '1900-01-20');
INSERT INTO register_users VALUES ('ssn003', 'Chandler Bing', 'Boston', '13552466268', '1900-01-20');
INSERT INTO register_users VALUES ('ssn004', 'Pheobe Buffey', 'Atlanta', '13388001688', '1900-01-20');
INSERT INTO register_users VALUES ('ssn005', 'Rachel Green', 'Chicago', '62378299', '1900-01-20');
INSERT INTO register_users VALUES ('ssn006', 'Joey Tribbone', 'Columbisa', '5976403', '1900-01-20');
INSERT INTO register_users VALUES ('ssn007', 'Emily Luis', 'Manchester', '8008400422', '1900-01-20');
INSERT INTO register_users VALUES ('ssn008', 'Andrew Lang', 'Birmingham', '4009607969', '1900-01-20');
INSERT INTO register_users VALUES ('ssn009', 'Charles Kingsley', 'Liverpool', '259846', '1900-01-20');
INSERT INTO register_users VALUES ('ssn010', 'Emile Zola', 'Exeter', '13912125454', '1900-01-20');


INSERT INTO assets_author VALUES (1, 'Charlotte Bronte');
INSERT INTO assets_author VALUES (2, 'Lewis Carroll');
INSERT INTO assets_author VALUES (3, 'Frances Hodgson Burnett');
INSERT INTO assets_author VALUES (4, 'Charles Dickens');
INSERT INTO assets_author VALUES (5, 'Giovanni Boccaccio');
INSERT INTO assets_author VALUES (6, 'Geoffrey Chaucer');
INSERT INTO assets_author VALUES (7, 'Alexandre Dumas pere');
INSERT INTO assets_author VALUES (8, 'Emily Bronte');
INSERT INTO assets_author VALUES (9, 'D.H.Lawrence');
INSERT INTO assets_author VALUES (10, 'Alexandre Dumas pere');


INSERT INTO assets_genres VALUES ('Romance');
INSERT INTO assets_genres VALUES ('Adventure');
INSERT INTO assets_genres VALUES ('Realistic');
INSERT INTO assets_genres VALUES ('Classic');
INSERT INTO assets_genres VALUES ('Fantasy');
INSERT INTO assets_genres VALUES ('Humor');
INSERT INTO assets_genres VALUES ('Mystery');
INSERT INTO assets_genres VALUES ('Science Fiction');
INSERT INTO assets_genres VALUES ('History Fiction');
INSERT INTO assets_genres VALUES ('Deteive');


INSERT INTO assets_publisher VALUES ('National Publisher', 'New York');
INSERT INTO assets_publisher VALUES ('Centre Publisher', 'New York');
INSERT INTO assets_publisher VALUES ('London Publisher1', 'London');
INSERT INTO assets_publisher VALUES ('New York Publisher1', 'New York');
INSERT INTO assets_publisher VALUES ('Oxford Press', 'London');
INSERT INTO assets_publisher VALUES ('Cambridge Press', 'London');
INSERT INTO assets_publisher VALUES ('Macmillan Publisher', 'London');
INSERT INTO assets_publisher VALUES ('Longman Group Ltd', 'London');
INSERT INTO assets_publisher VALUES ('Associated Book Publisher', 'London');
INSERT INTO assets_publisher VALUES ('HarperCollins Publisher', 'London');


INSERT INTO assets VALUES (1, 'Jane Eyre', 'Romance', 2, 'Centre Publisher', '2021-10-01', '23.99', 300, 'http:www.xxx.com');
INSERT INTO assets VALUES (2, 'Alice''s Adventures in Wonderland', 'Adventure', 4, 'Macmillan Publisher', '2007-05-01', '55.22', 205, 'http:www.xxx.com');
INSERT INTO assets VALUES (3, 'A little Princess', 'Realistic', 3, 'Longman Group Ltd', '2010-07-01', '48.88', 339, 'http:www.www.com');
INSERT INTO assets VALUES (4, 'A Tatle of Two Cities', 'Classic', 2, 'HarperCollins Publisher', '2020-12-01', '39.77', 180, 'http:www.office.cn');
INSERT INTO assets VALUES (5, 'The Decameron', 'Fantasy', 1, 'Oxford Press', '2022-10-01', '54.54', 502, 'http:www.lib.com');
INSERT INTO assets VALUES (6, 'The Canterbury Tales', 'Humor', 1, 'Macmillan Publisher', '2012-05-01', '71.33', 245, 'http:www.www.com');
INSERT INTO assets VALUES (7, 'The Three Musketeers', 'Adventure', 3, 'National Publisher', '2008-08-01', '66.88', 411, 'http:www.xxx.com');
INSERT INTO assets VALUES (8, 'Wuthering Heights', 'Classic', 4, 'Centre Publisher', '2005-10-01', '82.33', 307, 'http:www.aaa.com');
INSERT INTO assets VALUES (9, 'Lady Chatterley''s Lover', 'Romance', 5, 'Associated Book Publisher', '2012-12-01', '45.99', 190, 'http:www.aaa.com');
INSERT INTO assets VALUES (10, 'The Count of Monte Cristo', 'Realistic', 6, 'New York Publisher1', '2001-10-01', '29.66', 555, 'http:www.ssss.com');


INSERT INTO users_purchase VALUES ('ssn003', 3, '2023-01-04', '0.7');
INSERT INTO users_purchase VALUES ('ssn006', 5, '2023-01-09', '0.9');
INSERT INTO users_purchase VALUES ('ssn002', 8, '2023-01-07', '0.8');
INSERT INTO users_purchase VALUES ('ssn007', 9, '2023-01-03', '1.0');
INSERT INTO users_purchase VALUES ('ssn005', 7, '2023-01-13', '0.8');
INSERT INTO users_purchase VALUES ('ssn008', 4, '2023-01-05', '0.7');
INSERT INTO users_purchase VALUES ('ssn004', 6, '2023-01-08', '0.9');
INSERT INTO users_purchase VALUES ('ssn009', 8, '2023-01-12', '0.8');
INSERT INTO users_purchase VALUES ('ssn001', 5, '2023-01-06', '1.0');
INSERT INTO users_purchase VALUES ('ssn007', 2, '2023-01-02', '0.9');
INSERT INTO users_purchase VALUES ('ssn003', 9, '2023-01-07', '0.8');
INSERT INTO users_purchase VALUES ('ssn006', 3, '2023-01-05', '0.7');
INSERT INTO users_purchase VALUES ('ssn002', 6, '2023-01-10', '0.8');
INSERT INTO users_purchase VALUES ('ssn005', 9, '2023-01-09', '1.0');
INSERT INTO users_purchase VALUES ('ssn008', 7, '2023-01-08', '0.9');




Index

create index index_release on assets(releaseDate);
create index index_owndate on users_purchase (ownDate);

create index index_discount on users_purchase(discount);





















Document Implementation
{
	"assets": [{
			"assetid": "1",
			"title": "Jane Eyre",
			"genre": "Romance",
			"author": {
				"authorid": "2",
				"authorname": "Lewis Carroll"
			},
			"publisher": "Centre Publisher",
			"releasedate": "1/10/2021",
			"price": "23.99",
			"stock": "300",
			"blobwhere": "http:www.xxx.com",
			"users_purchase": [{
					"user": {
						"userid": "ssn003",
						"username": "Chandler Bing",
						"address": "Boston",
						"telephonenum": "13552466268",
						"datejoined": "20/1/1900"
					},
					"owndate": "4/1/2023",
					"discount": "0.7"
				},
				{
					"user": {
						"userid": "ssn004",
						"username": "Pheobe Buffey",
						"address": "Atlanta",
						"telephonenum": "13388001688",
						"datejoined": "20/1/1900"
					},
					"owndate": "4/1/2023",
					"discount": "0.8"
				}
			]

		},
		{
			"assetid": "2",
			"title": "Alice's Adventures in Wonderland",
			"genre": "Adventure",
			"author": {

				"authorid": "4",
				"authorname": "Charles Dickens"
			},
			"publisher": "Macmillan Publisher",
			"releasedate": "1/5/2007",
			"price": "55.22",
			"stock": "205",
			"blobwhere": "http:www.xxx.com"
		},
		{
			"assetid": "3",
			"title": "A little Princess",
			"genre": "Realistic",
			"author": {
				"authorid": "3",
				"authorname": "Frances Hodgson Burnett"
			},
			"publisher": "Longman Group Ltd",
			"releasedate": "1/7/2010",
			"price": "48.88",
			"stock": "339",
			"blobwhere": "http:www.www.com",

			"users_purchase": [{
					"user": {
						"userid": "ssn003",
						"username": "Chandler Bing",
						"address": "Boston",
						"telephonenum": "13552466268",
						"datejoined": "20/1/1900"
					},
					"owndate": "4/1/2023",
					"discount": "0.7"
				},
				{
					"user": {
						"userid": "ssn004",
						"username": "Pheobe Buffey",
						"address": "Atlanta",
						"telephonenum": "13388001688",
						"datejoined": "20/1/1900"
					},
					"owndate": "4/1/2023",
					"discount": "0.8"
				}
			]
		},
		{
			"assetid": "4",
			"title": "A Tatle of Two Cities",
			"genre": "Classic",
			"author": {
				"authorid": "2",
				"authorname": "Lewis Carroll"
			},
			"publisher": "HarperCollins Publisher",
			"releasedate": "1/12/2020",
			"price": "39.77",
			"stock": "180",
			"blobwhere": "http:www.office.cn",

			"users_purchase": [{
					"user": {
						"userid": "ssn003",
						"username": "Chandler Bing",
						"address": "Boston",
						"telephonenum": "13552466268",
						"datejoined": "20/1/1900"
					},
					"owndate": "4/1/2023",
					"discount": "0.7"
				},
				{
					"user": {
						"userid": "ssn004",
						"username": "Pheobe Buffey",
						"address": "Atlanta",
						"telephonenum": "13388001688",
						"datejoined": "20/1/1900"
					},
					"owndate": "4/1/2023",
					"discount": "0.8"
				}
			]
		},
		{
			"assetid": "5",
			"title": "The Decameron",
			"genre": "Fantasy",
			"author": {
				"authorid": "1",
				"authorname": "Charlotte Bronte"
			},
			"publisher": "Oxford Press",
			"releasedate": "1/10/2022",
			"price": "54.54",
			"stock": "502",
			"blobwhere": "http:www.lib.com"
		},
		{
			"assetid": "6",
			"title": "The Canterbury Tales",
			"genre": "Humor",
			"author": {
				"authorid": "1",
				"authorname": "Charlotte Bronte"
			},
			"publisher": "Macmillan Publisher",
			"releasedate": "1/5/2012",
			"price": "71.33",
			"stock": "245",
			"blobwhere": "http:www.www.com",

			"users_purchase": [{
					"user": {
						"userid": "ssn003",
						"username": "Chandler Bing",
						"address": "Boston",
						"telephonenum": "13552466268",
						"datejoined": "20/1/1900"
					},
					"owndate": "4/1/2023",
					"discount": "0.7"
				},
				{
					"user": {
						"userid": "ssn004",
						"username": "Pheobe Buffey",
						"address": "Atlanta",
						"telephonenum": "13388001688",
						"datejoined": "20/1/1900"
					},
					"owndate": "4/1/2023",
					"discount": "0.8"
				}
			]
		},
		{
			"assetid": "7",
			"title": "The Three Musketeers",
			"genre": "Adventure",
			"author": {
				"authorid": "3",
				"authorname": "Frances Hodgson Burnett"
			},
			"publisher": "National Publisher",
			"releasedate": "1/8/2008",
			"price": "66.88",
			"stock": "411",
			"blobwhere": "http:www.xxx.com",

			"users_purchase": [{
					"user": {
						"userid": "ssn003",
						"username": "Chandler Bing",
						"address": "Boston",
						"telephonenum": "13552466268",
						"datejoined": "20/1/1900"
					},
					"owndate": "4/1/2023",
					"discount": "0.7"
				},
				{
					"user": {
						"userid": "ssn004",
						"username": "Pheobe Buffey",
						"address": "Atlanta",
						"telephonenum": "13388001688",
						"datejoined": "20/1/1900"
					},
					"owndate": "4/1/2023",
					"discount": "0.8"
				}
			]
		},
		{
			"assetid": "8",
			"title": "Wuthering Heights",
			"genre": "Classic",
			"author": {
				"authorid": "4",
				"authorname": "Charles Dickens"
			},
			"publisher": "Centre Publisher",
			"releasedate": "1/10/2005",
			"price": "82.33",
			"stock": "307",
			"blobwhere": "http:www.aaa.com",

			"users_purchase": [{
					"user": {
						"userid": "ssn003",
						"username": "Chandler Bing",
						"address": "Boston",
						"telephonenum": "13552466268",
						"datejoined": "20/1/1900"
					},
					"owndate": "4/1/2023",
					"discount": "0.7"
				},
				{
					"user": {
						"userid": "ssn004",
						"username": "Pheobe Buffey",
						"address": "Atlanta",
						"telephonenum": "13388001688",
						"datejoined": "20/1/1900"
					},
					"owndate": "4/1/2023",
					"discount": "0.8"
				}
			]
		},
		{
			"assetid": "9",
			"title": "Lady Chatterley's Lover",
			"genre": "Romance",
			"author": {
				"authorid": "5",
				"authorname": "Giovanni Boccaccio"
			},
			"publisher": "Associated Book Publisher",
			"releasedate": "1/12/2012",
			"price": "45.99",
			"stock": "190",
			"blobwhere": "http:www.aaa.com"
		},
		{
			"assetid": "10",
			"title": "The Count of Monte Cristo",
			"genre": "Realistic",
			"author": {
				"authorid": "6",
				"authorname": "Geoffrey Chaucer"
			},
			"publisher": "New York Publisher1",
			"releasedate": "1/10/2001",
			"price": "29.66",
			"stock": "555",
			"blobwhere": "http:www.ssss.com"
		}
	]
}















Conclusive proof
Through the above analysis and comparison, as well as the analysis of Abertawe Entertainment's requirement scenarios, for Abertawe Entertainment's assets, it is more suitable to use a document-based database for storage due to its diverse format, content and inability to fully set the future asset type.

For the platform user and user transaction scenario, which requires the recording of user's asset purchase behaviour, a relational database is more suitable. This is because the user's purchase behaviour needs to be recorded for the user's payment history, requiring a database with consistency that a relational database can guarantee.
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